determined from calorimetric data is 20 kcalfmol. If one uses this value for the calculation of spectroscopic excitation energies, the resulting energies are too low by a factor of one-third. But there is another difficulty, which concerns not only the one-electron theories, but all the theories for the interpretation of 7T-electron spectra. Scheibe 3 recently detected a very general regularity which till now could not be explained by existing theories. I shall take the spectra of aromatic hydrocarbons as an example for the demonstration of Scheibe's rule. In Figure 1 , the ground states for a group of aromatic is given; this should resemble the position of the first excited one-electron state on the energy sca.le. Apart from the case ofbenzene, and, to a certain degree, that of naphthalene, 1 La is, in fact, the first excited singlet state of the respective molecule"'.. Now Scheibe's rule is easily formulated: the first excited oneelectron states of the molecules of the group all have nearly the same distance from the ionization limit. So the first excited one-electron state becomes the first of a series of Rydberg states. The difficulty for the theory lies in the fact that the first excited one-electron state has been explained previously by theories using only atomic 2p-eigenfunctions. Also one cannot see how such a theory can account for the fact that this state is not only a "1r-state", but also the first of a series of Rydberg states. I hope to show that both difficulties mentioned above disappear on a closer analysis of the basis of HückePs theory.
A formal half of the ethylene molecule, which we may call the "constituent group", can be formed in the following way. We add to a carbon atom in the ground state C2s 2 2p 2 3 P the energy of ""7 eV and bring it to the trigonal valence state Csp~r· Then the a-bonds are formed, and we get the a-bond energy B. The corresponding positive ion of the constituent group can be formed in an analogous way. Adding 11·2 eV to a carbon atom, we get the positive carbon ion in its ground state C+2s 2 2p 2 p. Then again I"'.J 7e V are necessary 5 for the excitation to the trigonal valence state C +sp;r of the positive carbon ion. Finally, the a-bonds are formed, and, in a first approximation, we should get the same a-bond energy B. Thus far, the value ofthe ionization energy of the constituent group should be nearly the same as the value of the ionization energy of the carbon atom ( 11·2 e V) ; but we have overlooked two things. When the carbon ion in the trigonal valence state is combined with its ligands to form a-bonds, the interaction between the charge situated on the carbon ion and the formally neutralligand atoms contributes_a positive amount ofenergy ofthe order ofmagnitude of 1 eV, which hitherto has been disregarded. This effect should increase the ionization energy of the constituent group. But, according to approximate calculations of Hellmann 6 , which can be applied here, the induction of electric moments in the formally neutralligand atoms produced by the charge ofthe carbon ion should lower the ionization energy by several eVs. So the ionization energy ofthe constituent group should be much lower than 11·2 eV. These statements do not concern the free methyl radical, because this molecule in its ground state is not necessarily flat, and its ionization energy cannot be compared directly with the ionization energy ofthe formal half of an ethylene molecule.
The ionization energy of the constituent group must certainly be lower than the ionization e.riergies of all aromatic hydrocarbons. That follows from the fact that ionization of an aromatic hydrocarbon molecule means the removal of an electron from a bonding molecular electronic state. From known values 7 for the ionization energies of aromatic hydrocarbons, one can see that these values converge with increasing number, n, of carbon atoms in the molecule to 5-4 eV. We take this value as the ionization energy of the constituent group. So the "atomic -2p-state", which is the starting-NEW CONCEPTS IN THEORY OF 1!'-ELECTRON SPECTRA point of Hückel's theory, lies 5·4 eV below the ionization limit (Figure 2 ).
Between this state and the ionization limit there lie all the higher atomic states from 3p on. The Rydberg correction for the 3p state is certain to be small, so that its distance from the ionization limit should be approximately 1·5 eV (Figure 2 ). According to the fact that the ionization energy of ethylene is 10·4 eV, the bonding molecular state of this molecule lies 10-4 eV below the ionization limit. From spectroscopic data, one can deduce that the antibonding state is 6·6 eV above the bonding state, and so lies 3·8 eV below the ionization limit. From Figure 2 , it is easily seen that the distance between the bonding and the antibonding state of ethylene is greater than the Iimit. Under these circumstances, it is impossible that a pure 2p theory like Hückel's can explain all characteristic features of the phenomena. I t is certainly necessary to include the higher atomic states in the calculations from the outset. This is a routine matter, and has been reported elsewhere 8 • The formalism of the molecular orbital theory can easily be extended to include higher atomic eigenfunctions. In practice, there is the difficulty that the series of higher atomic states to be included should be limited in a sensible way. For qualitative purposes, the 3p state can represent all higher states. The results of the calculation can be described in the following way. I ß22 I < I ß2a I < I ßaal (2) which follows from the definition of the resonance integrals, the third parameter can not be determined in this way. Fortunately, however, the characteristic function is not appreciably influenced by the choice of the third parameter. The typical appearance of this function is always the same, and it is represented in Figure 3 . In Hückel's theory, the connection between the energies and the Hückel numbers in the same approximation is given by:
This is represented in Figure 4 . From Figure 3 , one can see that, in the new extended theory, the energies of different bonding states (which belong to positive p~values) are different, as in Hückel's theory, and that these energies are approximately proportional to p. However, in the ·new theory, the energies of the antibonding states (which belong to negative p-values) disagree (4) of the Hückel number pb of the last bonding molecular state. In the righthand part of Figure 5 , the ionization energies (X -1) of different hydrocar- Figure 5 . The empirical characteristic function determined from ionization analysis and spectral data bons are plotted against the Hückel numbers of the last bonding states of these molecules. This part of the figure confirms the equation (4) . E may be the energy of the ground configuration where all bonding states ari doubly occupied. If electron-repulsion between the ''last" two electrons is included, the energy of the singlet ground state of the molecule becomes:
where C' is a Coulomb integral. The second singlet state 2( 1 ) and the first triplet state 1 (a) of the molecule can, in most cases, be derived from the first excited confi.guration. If the electron-repulsion between the "last" two electrons is included, their energies are:
where E 1 means the energy of the first excited confi.guration in the oneelectron theory, Cis a second Coulomb integral, and A an exchange integral. In the series of aromatic hydrocarbons, the difference:
is remarkably constant. The quantity (C-C') would, therefore, be expected to vary only a little from molecule to molecule. From equations (5), (6) and (7), the following relation is derived:
(8)
Provided that ( C -C') is sufficiently constant, plotting the empirical quantity (-I + D) against the Hückel numbers of the first antibonding state should furnish the negative branch of the characteristic function apart from a vertical shift, ( C -C'). The whole of Figure 5 shows that the theory is in good agreement with the empirical data. So far, the first difficulty mentioned above has not been resolved, though the solution of this problern is rather easy. Hückel and all subsequent workers in the field of molecular orbital theory have not appreciated that they had attached the wrong theoretical energy value to the so called empirical resonance energy.
A comparison of molecular orbital energy values with results of valence bond calcu.lations may make that clear. In Figure 6 are collected the valence Figure 6 . The valence bond energies for the ground state of mesitylene, for the ground state of a formal isomer of mesitylene, and for mesitylene with ' localized bonds bond energies for the ground state of mesitylene, for the ground state of a formal isomer of mesitylene with separated double bonds, and for mesitylene with localized bonds. E 1 and E 3 are different. According to Hückel, only the difference (E 1 -E 3 ) can be identifi.ed with the empirical resonance energy, and I am of the same opinion. Now, in Figure 7 are collected the corresponding energy values calculated with the Hückel molecular orbital theory. In this case, E 3 is not defined, because the term "localized bond" has no analogue in the simple molecular orbital theory. In the molecular orbital theory, the difference (E 1 -E 2 ) has hitherto been identified with the empirical resonance energy, and evidently this is an error. The only basis for a more realistic comparison is that, in the formalism of the. valence band theory, the difference between E 2 and E 3 for aromatic hydrocarbons is proportional to the nurober n/2 of double bonds. So we can write for the resonance energy:
where E 0 is a constant, which need not necessarily be taken over from the corresponding valence bond energies. By means of Figure 5 one can deduce from ionization energy data the approximate expression:
for the positive branch ofthe characteristic function. Then one has:
and from that follows the expression for the theoretical resonance energy: I t is tobe hoped that the theory which I have described will serve in the future as a better basis for the analysis and the understanding ofthe spectra of 7T-electron systems. For more quantitative investigations, one will have to include the explicit treatment of electron interaction as the next approximation. The necessary formalism for doing this is well-known. Certainly the inclusion of higher atomic eigenfunctions into the one-electron functions, which are to be used in such calculations, will Iead to improvements of existing multi~electron theories. However, the essential point in my opinion isthat the theory can resolve the most puzzling difficulties that have so far been encountered in the elementary first approximation.
